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(54) Reconf igurable fiber network for wireless communication 



(57) There is disclosed a wireless communication 
system comprising: a base station controller; a flexible 
wavelength router connected to the base station con- 
troller by a central optical fibre; and at least one base 
station connected to the flexible wavelength router, the 
central optical f bre carrying at least one communication 
channel associated with an optical signal having one of 



a plurality of wavelengths, and the flexible wavelength 
router selectively providing a communication path 
between the base station controller and the at least one 
base station using the at least one communication 
channel. 
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Description 

Field of the Invention 

[0001] The present invention relates to a wireless s 
communication network having a reconfigurable infra- 
structure, and particularly to such a network in which 
communication channels are provided to distributed 
base stations via optical f tore cables. 

w 

Background to fre Invention 

[0002] In wireless communication systems traffic 
densities in a particular area are not constant. Wireless 
networks are usually laid out as a set of cells, which pro- is 
vide coverage of a larger region. At certain times, traffic 
increases in certain cells, providing so-called 'hot- 
spots'. If hot-spots occur in the network, traffic demand 
may exceed the network capacity available (in the 
microwave carrier available in that cell, and/or in the net- 20 
work feeding the wireless base station which supports 
the microwave antenna in that cell), leading to rejection 
of calls. 

[0003] Current wireless systems are divided into 
cells. Each cell uses one or more dedicated carrier fre- 25 
quencies, with each carrier frequency carrying a limited 
number of voice or data connections. The carrier fre- 
quencies available in a wireless network are usually 
assigned amongst the cells in such a way that adjacent 
cells use different frequencies, in order to avoid interfer- 30 
ence problems. A common network structure consists 
of hexagonal cells with the transmit/receive antenna at 
the base station in the middle, arranged in a cluster con- 
taining seven cells. Each of the seven cells operate at 
different carrier frequencies. By repeating this cell struc- 35 
ture a large geographical area can be covered. How- 
ever, this fixed configuration is not responsive to 
changing traffic densities. 

[0004] Reconfigurable wireless networks have 
been proposed to provide communication systems 40 
which are responsive to traffic densities. Where traffic 
density is expected to be dense, cells can be partitioned 
into smaller micro-cells, each having their own antenna 
and the flexibility to assign one or more carrier frequen- 
cies per micro-cell as needed. 45 
[0005] The benefits of partitioning each of the 
'macro-cells' cells into seven (hexagonal) micro-cells 
surface when extra capacity is needed suddenly at cer- 
tain locations in the network. At hot-spots (i.e. micro- 
cells where traffic density is high) one or more additional so 
carrier frequencies may be applied. The whole network 
may be partitioned into micro-cells when the traffic is 
intense all over the region. In the case of a hot-spot in 
the network, the micro-cells may be arranged such that 
the full capacity of one or more carrier frequencies is 55 
offered to the hot-spot micro-cell, leaving the surround- 
ing cells at a less intense coverage as appropriate. In 
the opposite situation, it is appropriate to restructure the 
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cells such that capacity is shifted from a 'cold-spot* (i.e. 
where traffic density is low) to surrounding cells. Thus 
several cold-spot micro-cells may share the same car- 
rier frequency. 

[0006] The partitioning of the original networks cells 
into micro-cells may also be implemented by segment- 
ing the cells or micro-cells into a multitude of parts or 
segments by using a multi-sector antenna (instead of an 
omni-directionally radiating one). The advantage of this 
is that no new antenna pole locations need to be 
aoquired; the omni-directional antenna on the pole has 
to be replaced by a multi-sector one. Similarly, as 
described before the cells in a network may be seg- 
mented as needed. Also, in a particular segment, multi- 
ple carrier frequencies may be stacked. Multi-sector 
antennas to apply segmentation need to be activated 
only on those locations where hot-spots are to be 
expected. 

[0007] The implementation of the feeder network for 
the above-described reconfigurable wireless network 
can be done by a passively split optical network (PON). 
In a PON, the optical signals in the feeder fibre coming 
from the head-end section are split among many drop 
fibres entering the so-called optical network units 
(ONUs) close to (or at) the base stations. By means of 
optical fibres, this splitting ratio may be increased up to 
a very high number. 

[0008] US patent application number 08/ 920,716 
filed 29th August 1997 discloses a wireless communica- 
tion system which is reconfigurable to accommodate 
varying traffic density by using a flexible optical interface 
between a base station controller and several base sta- 
tions. A flexible optical interface is positioned at one or 
more of the base stations. Communication is provided 
over an optical fibre, and optical network units associ- 
ated with each base station include control means for 
selecting the appropriate wavelengths from the optical 
f tore for use by that base station. The wavelength selec- 
tion is provided in both the upstream and the down- 
stream direction. 

[0009] One drawback of this arrangement is that it 
is required to provide wavelength selection means in the 
optical network unit associated with each base station, 
which increases complexity, costs, maintenance and 
space requirements for each base station. 
[001 0] It is therefore an object of the present inven- 
tion to provide a reconfigurable wireless network that 
minimises the complexity of the base stations. 

Summary of the Invention 

[0011] According to the present invention there is 
provided a wireless communication system comprising: 
a base station controller; a base station interface con- 
nected to the base station controller by a central optical 
fibre; and at least one base station connected to the 
base station interface, the central optical fibre carrying 
at least one communication channel associated with an 
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optical signal having one of a plurality of wavelengths, 
and the base station interface selectively providing a 
communication path between the base station controller 
and the at least one base station using the at least one 
communication channel . 5 
[0012] The base station interface preferably 
includes a flexible wavelength router. 
[001 3] The central optical f tore preferably carries a 
plurality of communication channels each associated 
with an optical signal having one of a plurality of wave- 
lengths, the base station interface selectively providing 
a communication path between the base station control- 
ler and the base station using at least one of the plurality 
of communication channels. 
[0014] A plurality of base stations are preferably 
connected to the base station interface, the base station 
interface selectively providing communication paths 
between the base station controller and selected ones 
of the plurality of base stations using the at least one 
communication channel. 

[0015] The base station interface preferably pro- 
vides communication paths between the base station 
controller and the plurality of base stations using the 
plurality of communication channels, each communica- 
tion path including one or more communication chan- 
nels. 

[0016] The present invention also provides a wire- 
less communication system comprising: a base station 
controller; a wavelength flexible router connected to the 
base station controller by a central optical f tore; and a 
plurality of base stations connected to the wavelength 
flexible router, the central optical fibre carrying a plural- 
ity of communication channels each associated with an 
optical signal having one of a plurality of wavelengths, 
and the wavelength flexible router selectively providing 
a communication path between the base station control- 
ler and at least one of the plurality of base stations using 
at least one communication channel, wherein at least 
some of the functionality associated with each base sta- 
tion is performed at the base station controller. 
[001 7] The functionality performed at the base sta- 
tion controller may include mobility-related functions, 
such as macro-diversity handling. The functionality per- 
formed at the base station controller may also include 
generating and receiving the analogue signals to and 
from the antenna. 

[0018] The invention thus provides for the centrali- 
sation of base station functions at the base station con- 
troller site, thus giving optically remote antenna sites. 

Brief Description of the Drawings 

[0019] 

Figure 1 illustrates schematically a portion of a cel- 
lular network divided into micro-cells using omni- 
directional antennas; 

Figure 2 illustrates a portion of a cellular network 



divided into micro-cells using multi-sector anten- 
nas; 

Figure 3 illustrates schematically a portion of a cel- 
lular network fed by a passively split optical net- 
work; 

Figure 4 illustrates a reconfigurable network 
(according to the previous invention, US patent 
application number 08/ 920,716 filed 29th August 
1997); 

Figure 5 illustrates a reconfigurable network 
according to the present invention; 
Figure 6 illustrates an implementation example of 
the flexible wavelength router of the network of Fig- 
ure 5; 

Figure 7 illustrates one specific embodiment of the 

reconfigurable network of Figure 5; 

Figure 8 illustrates a further specific embodiment of 

the reconfigurable network of Figure 5; 

Figure 9 illustrates a general schematic layout of 

the flexible wavelength router shown in Figure 6. 

Description of Preferred Embodiment 

[0020] Referring to Figure 1 , there is illustrated a 
portion 6 of a cellular network. In the portion of the cel- 
lular network 6 shown in Figure 1 , the cells are split into 
micro-cells. For example, the micro-cells 4a to 4g are 
derived from the macro-cell 2 of a conventional cellular 
structure. In the portion of the cellular network illus- 
trated in Figure 1 it is assumed that each micro-cell is 
provided with an omni-directional antenna. Thus the 
cellular structure shown in Figure 1 has evolved from a 
macro-cellular structure in which each macro-cell had a 
single omni-directional antenna, to a micro-cellular 
structure in which each macro-cell is replaced by seven 
micro-cells each having an omni-directional antenna. 
[0021] Figure 2 illustrates schematically the evolu- 
tion from a macro-cellular structure to a micro-cellular 
structure using multi-sector antennas. The portion 10 of 
the cellular network shown in Figure 2 has each macro- 
cell split into sectors by employing a multi-sector 
antenna in each macro-cell. Thus, for example, one 
macro-cell 8 is split into six sectors 8a to 8f each effec- 
tively forming a micro-cell. 

[0022] It will be appreciated that a cellular network 
may include a mixture of macro-cells and micro-cells 
depending upon envisaged need. The micro-cells may 
also be implemented in different ways, for example by a 
mixture of multi-sector antennas deployed in macro- 
cells and a plurality of omni-directional antennas 
employed in macro-cells. 

[0023] The wiring of the micro-cells (being either 
the omni-directional antenna structure or the multi-sec- 
tor antenna structure) can be done by a passively split 
optical network (PON). In a PON, the optical signals in 
the feeder fibre coming from the head-end station are 
split among many drop fibres entering so-called optical 
network units (ONUs) close to, or at, the base stations. 
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By means of optical amplifiers, this splitting ratio may be 
increased up to a very high number. The PON technol- 
ogy is applied to a wireless application as shown in Fig- 
ure 3. The main fibre 16 coming from the base station 
controller (BSC) 14 runs into the heart 18 of the cluster 
of micro-cells 12. From there it is split to the hearts of 
the seven clusters 20 of each set of seven micro-cells, 
where it is split again among the individual antennas in 
the micro-cells 21. Likewise, more splitting stages may 
be added or omitted, while retaining this concept. 
[0024] The original macro-cells of the structure 
shown in Figure 3 were served by base transceiver sta- 
tions (BTSs, i.e. base stations having transmit and 
receive capabilities) located at the centre 20 of each 
seven-cell micro-cell structure. In creating the micro-cell 
structure each of those base transceiver stations is 
replaced by an optical splitter, and a base transceiver 
station provided at the centre of each micro-cell. At the 
same time, the network can still support and maintain 
macro-cells retaining a single central base transceiver 
station. 

[0025] Referring to Figure 4, there is shown a more 
detailed implementation of the system structure of Fig- 
ure 3 as described in USSN 08/920,716. Figure 4 illus- 
trates the base station controller (BSC) 14 connected to 
a plurality of base transceiver stations (BTSs), generally 
designated by reference numerals 30a, 30b and 30n, by 
the optical fibre 16. Each BTS 30a, 30b and 30n 
includes an optical network unit (ONU) 32a, 32b and 
32n, a microwave directional coupler 34a, 34b and 34n, 
and an antenna 36a, 36b and 36n. The contents of each 
optical network unit are the same and therefore only 
illustrated in detail in Figure 4 for the unit 32a. It will be 
appreciated that the units 32b and 32n will be con- 
structed in a similar fashion. 
[0026] The signals on optical ffore link 16 form an 
input to each of the ONUs 32a, 32b and 32n. Each ONU 
outputs a signal on its respective output tine 38a, 38b 
and 38n to the respective ones of the microwave direc- 
tional couplers 34a, 34b and 34n. Each of the ONUs 
receives a signal on its respective input line 40a, 40b, 
and 40n from the respective directional coupler 34a, 
34b and 34n. The microwave directional couplers 34a, 
34b and 34n interface with the one of the antennas 36a, 
36b and 36n associated with the corresponding BTS. 
[0027] Each optical network unit 32 comprises an 
optical fibre directional coupler 42, a wavelength demul- 
tiplexer 44, a wavelength multiplexer 46, a plurality of 
optical receivers 50, a plurality of optical transmitters 58, 
a microwave signal combiner 54, and a microwave sig- 
nal splitter 56. The optical fibre 16 carries multiple wave- 
lengths, which are used to feed the BTSs. TTie number 
of optical receivers 50 in each ONU corresponds to the 
number of possible downstream wavelengths. Similarly, 
the number of optical transmitters 58 in each ONU cor- 
responds to the number of possible upstream wave- 
lengths. 

[0028] In each BTS the ONU terminating the fibre 



16 and transferring the signals to and from the antenna 
36a, 36b or 36n is able to select one or more of the 
wavelength channels for transmission to, or reception 
from, its antenna as described further below. 
5 [0029] The operation of the system illustrated in 
Figure 4 will now be described with reference to the 
optical network unit 32a. 

[0030] In the downstream direction, the base sta- 
tion controller transmits wavelengths X^ to X N to the 

10 ONUs on optical fibre 16. The optical fibre directional 
coupler 42a of the ONU 32a couples the optical signal 
received on the optical fibre 16 to the optical signal line 
68a of the ONU. The wavelengths X^ to X N on the optical 
signal line 68a are separated by a passive wavelength 

75 demultiplexer 42a, and each of the wavelengths X 1 to X^ 
is then fed separately on a respective optical signal line 
48a to a respective optical receiver 50a. 
[0031] Each of the optical receivers 50 can be 
switched on or off under the control of control signals 

20 62a. Thus the wavelength channel selection is realised. 
This on/off switching, i.e. generation of the control sig- 
nals 62a, is done under remote control from, for exam- 
ple, the BSC using an optical, wired or wireless 
communications channel. One or more wavelengths 

25 may be selected thus giving the possibility of having a 
plurality of selected carrier frequencies arrive in the 
micro-cell. Thus selection of the wavelengths in the opti- 
cal receivers 50a selects the number, and characteris- 
tics, of the wireless communication channels allocated 

30 to the BTS 30a. This gives the desired flexible micro-cell 
configuration. 

[0032] In those optical receivers 50a that are 
switched on the output signals are put on the appropri- 
ate microwave carriers) and presented on signal lines 

35 52a, and output to the signal combiner 54a. The outputs 
of the optical receivers 50a are electrical signals. The 
combined electrical signals output by the combiner 54a 
are then output on line 38a to the directional coupler 
34a, which couples the received signals onto the 

40 antenna drive circuitry. The antenna drive circuitry pre- 
pares the signals for transmission by the antenna. 
[0033] In the upstream direction a number of wave- 
lengths X N+1 to X 2N can be selected for bringing the data 
from the BTS to the BSC. The upstream wavelengths 

45 are preferably different from the downstream wave- 
lengths, in order to minimise problems with optical 
reflections in the fibre network. 
[0034] The BTS receives signals via antenna 36a, 
which are coupled onto the signal line 40a by micro- 

50 wave directional coupler 34a after pre-amplrfication in 
the antenna drive circuitry. The electrical signals on line 
40a are then presented to the signal splitter 56a and fed 
via lines 60a to the optical transmitters 58a, where the 
signals are transferred to the appropriate frequency 

55 band for transport upstream towards the BSC. By 
means of the control signals 64a, the transmitter 58a 
having the appropriate wavelength is switched on; thus 
the upstream signal is put on any one of the wave- 
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lengths X^^-j to A^n- 

[0035] The individual optical transmitters 58a can 
be switched on or off under the control of the signals 
64a. This gives the upstream flexible micro-cell configu- 
ration, governed by the operator, in such a way that the 
network usage is as efficient as possible. The selected 
upstream signals of different wavelengths are combined 
using wavelength multiplexer 46a, which receives the 
selected signals on lines 60a. The outputs of the optical 
transmitters are optical signals. The multiplexed optical 
signals are output on line 66a to the optica! fibre direc- 
tional coupler 42a, which couples the optical signals on 
lines 66a to the optical fibre 1 6, to communicate them to 
the BSC. 

[0036] The wavelengths selected for reception at 
the ONU 32a can be set independently from the wave- 
lengths for transmission. This means that the micro-cell 
network structure for the downstream direction (BSC 
towards BTS) can be set differently from the structure 
for the upstream direction. This offers operational 
advantages in case of highly asymmetric traffic offer- 
ings. 

[0037] Additionally, the intelligence usually located 
in the base transceiver stations can be moved upwards 
to the BSC, thanks to the possibility of putting the ana- 
logue microwave signals, after appropriate electrical fre- 
quency up- and down-conversion, on optical 
wavelength channel(s) and transporting them in an ana- 
logue way along the fibre feeder network The analogue 
microwave signals are usually exchanged between 
each base transceiver station and the co-located 
antenna. Thus the base transceiver station (BTS) func- 
tionality (previously co-located with the antennas) is 
shifted to the central base station controller (BSC) loca- 
tion. This eases the implementation of mobility functions 
(like macro-diversity and seamless handover) where 
BTSs have to communicate with each other. 
[0038] This entails significant cost savings in the 
base transceiver stations, reduction of maintenance, 
and an increase in the ease of network operation. 
[0039] However, the flexibility thus introduced into 
the cellular network requires the introduction of some 
additional circuitry and functionality into each BTS. 
Each ONU associated with a BTS is required to include 
a plurality of optical receivers and transmitters which are 
switchable, the number required being equivalent to the 
number of wavelengths to be supported. The circuitry to 
control the switching of these receivers and transmitters 
must also be included in every BTS. 
[0040] Referring to Figure 5, there is described an 
improved system in which all the advantages of the flex- 
ible micro-cell organisation described with reference to 
Figure 4 are retained, but additional performance and 
implementation improvements are obtained. 
[0041 ] In Figure 5, like reference numerals are used 
to designate elements corresponding to elements in 
Figure 4. The base station controller 14 is connected to 
a flexible wavelength router 73 via the optical fibre 16. 



The flexible wavelength router is controlled by control 
signals 78 generated by a router controller 70. The flex- 
ible wavelength router 73 guides wavelength channels 

out of the set to 3l 2 n t0 one or more °* the output P° rts 
5 76a to 76n, corresponding to the number of base trans- 
ceiver stations 74a to 74n. 

[0042] The construction of the ONUs of the BTSs of 
Figure 5 differ from the construction of the ONUs of the 
BTSs of Figure 4. Referring to Figure 5, each ONU 72a, 

10 72b and 72n comprises an optical fibre directional cou- 
pler 75a, an optical receiver 76a, and an optical trans- 
mitter 78a. Each ONU generates signals on lines 38a, 
38b and 38n to the respective microwave directional 
couplers 34a, 34b and 34n. Each ONU receives signals 

15 on lines 40a, 40b and 40n from the respective micro- 
wave directional couplers 34a, 34b and 34n. 
[0043] A more detailed view of a possible imple- 
mentation of the flexible wavelength router 73 is shown 
in Figure 6. The flexible wavelength router 73 comprises 

20 a multiplexer/demultiplexer 80 and a digital optical 
switch matrix 82. Each switch matrix element, some of 
which are referenced by numeral 81 in Figure 6, is a 1- 
to-2 Y-branch switching device, which can be operated 
in three modes: guiding the light from the input port to 

25 the upper output port, to the lower output port, and to 
both ports (e.g., in the ideal case 50% of the input light 
into each output port). Figure 6 illustrates a simplified 
example where the flexible wavelength router 73 has 
four outputs 76a, 76b, 76c, and 76d to connect to the 

30 ONUs 72a, 72b, 72c, and 72d of the four base trans- 
ceiver stations. 

[0044] The operation of the system according to the 
invention will now be described with reference to Fig- 
ures 5 and 6, for an assumed implementation of four 

35 base transceiver stations and specifically with reference 
to the base transceiver station 74a. 
[0045] As described in relation to Figure 4, the opti- 
cal fibre 16 carries a number of wavelengths A. 1 to A, N , 
and in the specific example N=4. The wavelengths X 1 to 

40 x H form an input to the multiplexer/demultiplexer 80 of 
the flexible wavelength router. The multiplexer/demulti- 
plexer 80 separates the wavelengths on the optical fibre 
16 and outputs each one on a separate optical signal 
line 84, which form inputs to the digital optical switch 82. 

45 Thus in the example of Figure 6 each of the four signal 
lines 84a to 84d carries an optical signal having a 
respective one of the wavelengths ^ to X 4 . 
[0046] The flexible wavelength router 73 is control- 
led by the control signals 78 from the router controller 

so 70 (which is preferably under remote control from the 
BSC, in a similar way as the controls 62a and 64a in Fig- 
ure 4) to route the wavelengths on the signal lines 84a 
to 84d to one or more of the outputs of the digital optical 
switch matrix 82. The digital optical switch matrix 82 has 

55 four outputs 76a to 76d connected to the respective 
ones of the four ONUs 72a to 72d. Thus any number of 
the wavelengths on the input lines 84a to 84d may be 
output on any one of the output lines 76a to 76d. 
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[0047] As can be seen, in Figure 6 the digital optical 
switch matrix 82 is configured such that the wavelength 
X 1 on signal line 84a is presented to signal lines 76a and 
76b, the wavelength X 2 on signal line 84b is presented 
to signal line 76b, the wavelength X z on signal line 84c 
is presented to signal line 76b, and the wavelength X A 
on signal line 84d is presented to signal line 76c. Thus 
signal line 76a connected to ONU 72a carries wave- 
length X h signal line 76b connected to ONU 72b carries 
wavelengths X<\ , X 2 and X$, signal line 76c connected to 
ONU 72c carries wavelength X A , and signal line 76d 
connected to ONU 72d carries no wavelengths. 
[0048] The splitting of the signals in the digital opti- 
cal switch matrix causes power losses. Thus the wave- 
length X 1 on the signal line has at most half the power of 
the signal on signal line 84a. Similarly the wavelength X^ 
on line 76b has at most an eighth of the power of the 
signal on line 84a, the wavelength X 2 on line 76b has at 
most a quarter of the power of the signal on line 84b, 
and the wavelength X 3 on line 76b has at most half the 
power of the signal on line 84c. The wavelength X A on 
line 76c has the full power of the signal on line 84d. One 
familiar with the art will know the effects on the signal 
power of the wavelengths switched through the digital 
optical switch matrix. 

[0049] The thus selected wavelengths are pre- 
sented to the ONUs 72 of the base transceiver stations 
74. Each ONU 72 receives the respective signal line 76 
at the input of the directional coupler 75. The directional 
coupler couples the received optical signal onto the sig- 
nal line 86 connected to the optical receiver 76. The 
optical receiver 76 converts the optical signal into an 
electrical signal on line 38a. 
[0050] On the downstream side the optical transmit- 
ter 78 receives the signal on line 40a from the antenna 
drive circuitry. The optical transmitter 78 converts the 
electrical signal on line 78 into an optical signal on line 
88. The optical signal on line 88 is presented to the 
directional coupler 74 and coupled onto the signal line 
76a. 

[0051] The signal on line 76a from the ONU 72a is 
then routed through digital optical switch matrix and 
multiplexer/demultiplexer 80 in the reverse operation as 
that described above, and presented to the BSC 14 on 
optical fibre 16. 

[0052] The upstream operation can be exemplified 
by tracing X1 backwards from the second port, on line 
76b, at the right. The digital optical switches do not dis- 
cern wavelengths, so given the switch positions shown 
in Figure 6, X.1 will enter the multiplexer/demultiplexer 
80 at the ports 84a, 84b and 84c. Of those ports, only 
84a will accept XI because of the wavelength-selection 
inside the multiplexer/demultiplexer 80; thus this A.1 sig- 
nal will be guided from port 84a to the fibre 1 6. In princi- 
ple the upstream wavelength thus needs to be the same 
as the downstream one. It can however also differ by a 
multiple of the so-called Free Spectral Range (FSR), 
when the transfer characteristics of the multi- 



plexer/demultiplexer 80 have a periodic behaviour ver- 
sus wavelength with a period equal to this FSR. This 
periodicity is quite common for wavelength multi- 
plexer/demultiplexer devices. The flexible wavelength 

5 router 73 provides a base station interface between the 
base station controller and the individual base stations 
(or base transceiver stations). The optical fibre 16 forms 
a central optical fibre, and the individual optical fibres 76 
form local optical fibres. The flexible wavelength router 

w 73 is programmable to select at least one communica- 
tion channel, or wavelength, on the optical fibre 16 for 
communication to one of the base stations, or vice 
versa. 

[0053] The flexible wavelength router 73 may be 
15 remotely programmable, via the router controller 70, for 
instance by the BSC. 

[0054] The flexible wavelength router 73 may be 
located at any point in the wireless network where there 
is any optical split. For example, referring to Figure 3, 
20 the flexible wavelength router 73 may be located at point 
18 or points 20. 

[0055] Thus Figure 5 illustrates an improved wire- 
less communications system which is reconf igurable to 
accommodate varying traffic density by using a shared 

25 flexible optical interface between a base station control- 
ler and several base stations. The improvements com- 
prise a reduction of costs per base station (as many 
base stations share a flexible wavelength router and 
wavelength selection functions at the base stations are 

30 not needed or at least reduced), and easier mainte- 
nance (as the wavelength selection functions are now 
centralised in the flexible wavelength router and no 
longer located in many base stations). Communication 
between the base station controller and the base sta- 

35 tions is provided over an optical fibre. The fibre carries 
several communications channels in both directions 
using wavelength multiplexing. The bandwidth between 
the base station controller and a particular base station 
is varied by increasing or decreasing the number of 

40 wavelengths used to communicate with the base sta- 
tion. Also by carefully allocating the wavelength chan- 
nels among the base stations, the number of base 
stations which share the resources of a wavelength 
channel can be varied, and thus the share of a particu- 

45 lar base station can be adjusted to the capacity it 
requires. Varying the bandwidth provides the ability to 
adjust the capacity to carry voice and/or data between 
the base station controller and the base station. As a 
result the number of carrier frequencies assigned to a 

so particular base station can be used to support varying 
traffic density throughout the wireless network. 
[0056] Additionally, wavelength channels provide 
mutually independent communication channels, and as 
such may transport completely different signals. Thus in 

55 the same infrastructure it is possible to transport signals 
of widely differing formats, like GSM, ATM, and DECT 
Also, different operators having licences for different 
parts of the air spectrum may each have their dedicated 
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wavelength channels in this infrastructure. By operating 
multiple wavelength channels, and providing their flexi- 
ble assignment to the base stations, the network infra- 
structure is made extremely versatile for hosting a 
number of different wireless systems and operators, 
and for adapting the network structure quickly as traffic 
or network maintenance requires. 
[0057] Figure 7 shows a fuller implementation of the 
base station controller 14 in respect of which the inven- 
tion was described with reference to Figure 5, where the 
upstream/downstream separation is based on wave- 
length. In Figure 7, like reference numerals denote like 
elements in Figure 5. 

[0058] In the specific implementation of Figure 7, 
the wavelengths A. 1u to X mu are available for use in the 
upstream and the wavelengths A, 1d to are available 
for use in the downstream. As shown in Figure 7(a), 
these wavelengths are selected such that the down- 
stream wavelengths are in a wavelength range which is 
separate from the upstream ones (e.g., this separation 
may be equal to a multiple of the FSR of the multi- 
plexer/demultiplexer inside the flexible wavelength 
router 73). 

[0059] The optical fibre directional couplers 75 are 
implemented by up/down multiplexer/demultiplexers 75. 
The microwave directional coupler 34a additionally 
includes the necessary circuitry to up-convert the sig- 
nals for transmission by the antenna 36. 
[0060] The base station transceiver 74a receives in 
the downstream direction signals, for example, of a 
wavelength x 1d , plus additional downstream wave- 
lengths as appropriate. The selection of the down- 
stream wavelengths for each of the base transceiver 
stations 74 is made by the flexible wavelength router as 
described hereinabove. 

[0061 ] The carrier frequency of the antenna 36a in 
the downstream will be e.g. the frequency f 1d included 
in the wavelength channel A, 1d . Each wavelength chan- 
nel may accommodate one or more carrier frequencies, 
if additional wavelengths are received, then the carrier 
frequencies included in those wavelengths will be 
present. 

[0062] Referring to Figure 7, in this preferred 
embodiment the base station controller 14 comprises a 
Base Station Controller (BSC) 100 which is connected 
to a core optical fibre 102 which is also connected to 
other base station controllers in the optical network. The 
base station controller 100, in this preferred embodi- 
ment, is connected to a set of base transceiver station 
functional blocks associated for each possible wave- 
length which may be forwarded to or received from the 
remote antenna locations 74a through 74n. In Figure 7 
there are shown n base transceiver station functional 
blocks 104 which are each associated with a first 
upstream wavelength A, 1u and a first downstream wave- 
length x 1d . Each one of the blocks 104 corresponds to 
one of the n base transceiver stations which the base 
station controller 100 controls. Figure 7 also shows n 



base transceiver functional blocks 106, which are each 
associated with the mth upstream wavelength A. mu and 
the mth downstream wavelength X^. Each one of the 
blocks 106 similarly corresponds to one of the n base 
5 transceiver stations which the base controller station 1 4 
controls. 

[0063] The functionality provided by the various 
base transceiver station functional blocks 104, 106 is 
introduced into the base station controller by the imple- 

w mentation of the network where different wavelengths 
can be temporarily allocated to particular base stations. 
Previously, the functionality associated with these 
blocks would need to be incorporated at the antenna 
locations 74 themselves. 

15 [0064] An electrical frequency multiplexer/demulti- 
plexer is associated with each up and downstream 
wavelength. Thus the multiplexer/demultiplexer 108 is 
connected to the base transceiver functional blocks 104 
by bi-directional signal lines 112. Similarly, the multi- 

20 plexer/demultipl exer 1 1 0 is connected to the base trans- 
ceiver functional blocks 106 by bi-directional signal lines 
114. The respective multiplexer/demultiplexers 108, 1 10 
are connected to respective optical transceivers 116, 
1 18 by bi-directional signal lines 1 12, 1 14 respectively. 

25 Thus the electrical signal on line 1 1 2 is connected to the 
optical transceiver 116, and the electrical signal on line 
1 14 is connected to the optical transceiver 1 18. 
[0065] Each optical transceiver 116, 118 has an 
output for carrying the downstream signal, and an input 

30 for carrying the upstream signal. The optical transceiver 
116 outputs the first downstream wavelength A, 1d on line 
122 to a downstream wavelength multiplexer 130. The 
optical transceiver 118 outputs the mth downstream 
wavelength on line 124 to the downstream wave- 

35 length multiplexer 130. The optical transceiver 116 
inputs the first upstream wavelength A, 1u on line 120 
from an upstream wavelength demultiplexer 128. The 
optical transceiver 118 inputs the first upstream wave- 
length X mu on line 120 from the upstream wavelength 

40 demultiplexer 128. 

[0066] The output of the downstream multiplexer 
130 on line 134 is presented to an upstream/down- 
stream multiplexer/demultiplexer 132. The 
upstream/downstream multiplexer/demultiplexer 132 

45 presents an output on line 136 which form an input to 
the upstream demultiplexer 128. The upstream/down- 
stream demultiplexer is also connected to the optical 
f tore 16. 

[0067] In operation, on the downstream side, the 
so BSC 1 00 controls the BTS functional blocks 1 04 associ - 
ated with X 1d , such that those blocks 104 associated 
with base transceiver stations to receive X 1d are ena- 
bled and the appropriate functionality performed. 
[0068] The base transceiver blocks 104, 106 need 
55 to generate and receive the analogue RF signals going 
to and coming from the optically remote antenna loca- 
tions. Also they need to perform several mobility-related 
functions, such as macro-diversity signal handling, 
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which because of the mutual communication and syn- 
chronisation required would be very beneficially done 
on a central location where ail the BTSs are close to 
each other. This is the main advantage gained by 
putting the BTSs together, separate from the actual 5 
antenna sites. This has become possible with this con- 
cept, thanks to the broadband capabilities of optical 
fibre and the wavelength-multiplexing techniques pro- 
posed. 

[0069] Signals at the frequency corresponding to 10 
X 1d are then output to the frequency multiplexer 108 
from the appropriate blocks 104. The multiplexer 108 
then multiplexes these frequencies onto signal line 112. 
This operation is repeated for all downstream wave- 
lengths. The multiplexed electrical signals on line 112 15 
are then converted into an optical signal having wave- 
length A, 1d on line 122. The same is repeated for all 
downstream wavelengths. The downstream wave- 
lengths X 1d to are then multiplexed by multiplexer 
130, and presented on signal line 134. The block 132 20 
then couples the multiplexed downstream signal onto 
optical fibre 16. 

[0070] In operation on the upstream side, the 
reverse operation is performed between the multiplexer 
block 1 32 and BSC block 1 00 to recover the transmitted 25 
signals. 

[0071] Figure 8 illustrates a further example imple- 
mentation of the present invention.. As illustrated by 
Figure 8(a), the upstream and downstream signals are 
transmitted on a single wavelength, but the wavelengths 30 
are frequency separated. 

[0072] The implementation of the base transceiver 
stations 74 is simplified over the arrangement of Figure 
7, since the optical fibre directional coupler 75 need not 
be implemented by an optical wavelength muiti- 35 
plexer/demultiplexer. 

[0073] Referring to Figure 8(b), the wavelengths ^ 
to A* carry the regular 5 MHz wide UMTS (Universal 
Mobile Telecommunications System) frequency slots, 
and the wavelengths X* +1 to carry the extra 5 MHz 40 
wide UMTS frequency slots, flexibly to be assigned to 
hot-spot sectors. 

[0074] The structure of the base controller station 
14 is similar to that of the implementation of Figure 7. 
However, the optical transceivers 1 1 6 and 1 1 8 of Figure 45 
7 are replaced by optical transceivers 134 and 136 
which provide a bi-directional signal on lines 138 and 
140 respectively. The multiplexer and demultiplexer 130 
and 128 are replaced by a single multiplexer/demulti- 
plexer which multiplexes the signal lines 1 38 and 1 40 to so 
the optical ffore 16. 

[0075] Both Figures 7 and 8 illustrate the shifting of 
the base transceiver station (BTS) functions (previously 
co-located with the antennas) to the central base station 
controller (BSC) location. This eases the implementa- 55 
tion of mobility functions (like macro-diversity and seam- 
less handover) where BTSs have to communicate with 
each other. It also implies the transport of the radio fre- 



quency (RF) analogue signals along the fibre network. 
[0076] Figures 7 and 8 are both suitable for UMTS 
(Universal Mobile Telecommunications System) imple- 
mentations. 

[0077] Figure 9 illustrates a general layout of the 
flexible wavelength router illustrated in Figure 6. This 
structure shows a flexible wavelength router 82 
intended to guide N wavelengths X 1 to A, N to the M opti- 
cal network units (ONUs)72a to 72 M. In practice, M 
needs to be larger than or equal to N. The multi- 
plexer/demultiplexer places the wavelengths on the 
appropriate outputs 84. Each multicast switch 91 oper- 
ates on a single wavelength channel X, (i= 1 to N), and 
guides this channel to one or more of its outlets. Each 
wavelength independent combiner/splitter 93 transfers 
all the received light signals coming from the switches to 
a single output fibre, leading to the corresponding ONU 
72. Likewise the upstream light from each ONU is split 
by the wavelength independent combiner/splitter 93, 
and via the appropriately set multi-cast switches con- 
nected to the multiplexer/demultiplexer, which transfers 
it to the feeder fibre. The multiplexer/demultiplexer 80 
may be implemented by well-known techniques such as 
waveguide grating routers. The wavelength independ- 
ent combiner/splitter may be implemented with e.g. 
fused fibres or integrated optics branching waveguide 
devices. The multi-cast optical switch can be imple- 
mented with tri-state digital optical switches as exempli- 
fied in Figure 6. The multi-cast switches may also be 
implemented by optical gates (which can be switched 
on or off). The optical gates may be implemented by 
semiconductor optical amplifiers, or with cascaded dig- 
ital optical switches. 

Claims 

1. A wireless communication system comprising: a 
base station controller; a base station interface con- 
nected to the base station controller by a central 
optical fibre; and at least one base station con- 
nected to the base station interface, the central opti- 
cal fibre carrying at least one communication 
channel associated with an optical signal having 
one of a plurality of wavelengths, and the base sta- 
tion interface selectively providing a communication 
path between the base station controller and the at 
least one base station using the at least one com- 
munication channel. 

2. The wireless communication system claim 1, 
wherein the base station interface includes a flexi- 
ble wavelength router. 

3. The wireless communication system of claim 1 or 
claim 2, wherein the central optical fibre carries a 
plurality of communication channels each associ- 
ated with an optical signal having one of a plurality 
of wavelengths, the base station interface selec- 
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tively providing a communication path between the 
base station controller and the base station using at 
least one of the plurality of communication chan- 
nels. 

5 

4. The wireless communication system of any preced- 
ing claim , wherein a plurality of base stations are 
connected to the base station interlace, the base 
station interface selectively providing communica- 
tion paths between the base station controller and w 
selected ones of the plurality of base stations using 
the at least one communication channel. 

5. The wireless system of claim 4 when dependent on 
claim 3, wherein the base station interface provides 15 
communication paths between the base station 
controller and the plurality of base stations using 

the plurality of communication channels, each com- 
munication path including one or more communica- 
tion channels. 20 

6. The wireless communication system of any preced- 
ing claim, wherein the base station interface is pro- 
grammable to selectively provide the 
communication path. 25 

7. The wireless communication system of claim 6, 
wherein the base station interface is remotely pro- 
grammable. 

30 

8. The wireless communication system of any preced- 
ing claim wherein the at least one base station 
includes an optical interface, the at least one base 
station being connected to the base station inter- 
face by a local optical fibre. 35 

9. The wireless communication system of any preced- 
ing claim wherein each communication channel is 
associated with an optical signal having one of a 
plurality of wavelengths. 40 

10. The wireless communication system of any preced- 
ing claim wherein the base station interface pro- 
vides a communication path between the base 
station controller and the at least one base station 45 
using a first set and a second set of communication 
channels, the first and second sets being associ- 
ated with first and second service providers. 

11. The wireless communication system of claim 10, so 
wherein the base station interface is programmable 

to select at least two of the plurality of communica- 
tion channels as transmit channels, and to select at 
least two of the plurality of communication channels 
as receiver channels, wherein at least one transmit $s 
channel and at least one receive channel belong to 
the first set and wherein at least one transmit chan- 
nel and at least one receive channel belong to the 



second set. 

12. The wireless communications system of claim 10 
wherein the receive channels are different to the 
transmit channels. 

13. The wireless communication system of any one of 
claims 10to 12, wherein the first set of communica- 
tion channels are associated with a first communi- 
cation format and the second set of communication 
channels are associated with a second communi- 
cation format. 

14. The wireless communication system of any preced- 
ing claim wherein the base station interface 
includes a digital optical switch. 

1 5. The wireless communication system of any preced- 
ing claim wherein at least some of the base station 
functionality is performed at the base station con- 
troller. 

16. A wireless communication system comprising: a 
base station controller; a wavelength flexible router 
connected to the base station controller by a central 
optical fibre; and a plurality of base stations con- 
nected to the wavelength flexible router, the central 
optical fibre carrying a plurality of communication 
channels each associated with an optical signal 
having one of a plurality of wavelengths, and the 
wavelength flexible router selectively providing a 
communication path between the base station con- 
troller and at least one of the plurality of base sta- 
tions using at least one communication channel, 
wherein at least some of the functionality associ- 
ated with each base station is performed at the 
base station controller. 

17. The wireless communication system of claim 16 
wherein the functionality includes mobility related 
functions. 
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